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Figure 1: Location Map of (lie Study Area 
CHAPTER! 
INTRODUCTION 
General Statement 
The area in and around Etmadpur lies in the marginal alluvial plain and a 
small portion in central alluvial plain. Due to eratic and low precipitation and 
low drainage density in the western part of the Ganga plain, the hydrogeology 
of marginal and central alluvial plain shows drastic changes both horizontally 
and vertically. 
Groundwater occurs in the localized pockets, resulting in the scarcity of 
groundwater resources. The lack of surplus groundwater resources do hamper 
the economic and agricultural development of the region. In such situation 
remotely sensed data can act as an effective tool for accurate appraisal of 
groundwater resources and their conservation. 
In order to evaluate the groundwater resources by integrated approach with 
the aid of remote sensing technology, Etamadpur area of Agra district (U.P) 
has been taken for the present research work. 
Location and Accessibility 
The district Agra is situated in the extreme southwest corner of the^tate of 
Uttar Pradesh. It lies between the parallel of 26°44' and 27" 25' north latitude. 
1T2()' and 78"32' east meridians of longitude (Fig. 1). is bounded on the west 
and south by Rajasthan and thereafter by Madhya Pradesh. It is bounded by 
the district Firozabad on the east and by the district of Mathura and Etah in the 
north. The study area is included in the survey of India topographical sheet 
numbers 54 1/3, 54 1/4, 54 1/7,1/8. 
The Agra district comprises 6 tehsils and 15 community development blocks. 
It has 15 towns and 940 villages (904 inhabited villages and 36 uninhabited 
villages). The district Agra is well connected by a network of railways as well 
as by G.T. Road with Mathura and Etawah. The other important metalled 
roads with mileage within the district are- Agra-Etawah (30 km), Agra -
Fatehpur Sikri (22 km). Fatehpur Sikri - Kheragarh (16 km), Agra - Achhnera 
(12 km), Fatehabad-Shamshabad (11 km) and Etmadpur - Jaleswar (10 km). 
Physiography 
Physiographically . Agra is divided into five distinct regions viz; 
1. The Khadar lowlands 
2. The Trans-Yamuna plain 
3. The Yamuna uplands 
4. The SW uplands 
5. The Yamuna Chambal ravines 
1. The Khadar Lowlands 
The khadar lowland occupies a tract of varying width along the rivers 
Yamuna, Chambal. Utangan and Khari nadi. The soils of khadar vary from 
fine sand to silt and mud. The soil, however, is immature. The colour varies 
from light to ash gra> and texture is sandy to silty loam. 
2. The Trans-Yamuna Plains 
The/plain is a part of the Ganga- Yamuna doab and lies on the lower level 
than the Yamuna uplands. The general level of the plain is north to southeast. 
The soil dominate in the trans-yamuna plain is mainly sandy loam and loam\' 
soil. 
3. The Yamuna Uplands 
This tract lies at a higher level than the Trans-Yamuna plain. There is no 
stream in this tract. The uniform stretch of upland between Yamuna and 
Utangan includes the tehsils of Agra viz; Kiraoli, Fatehabad and parts of 
Kheragarh. 
4. The South West Uplands 
The main feature of the landscape is a succession of parallel ridges of red 
sandstone hills, rising about 30- 60 meters above the plains. 
5. The Yamuna Chambal Ravines 
The Yamuna Chambal ravines lies between Yamuna and Chambal rivers in 
the south eastern part of the area. The area is having a long irregular land, 
narrow towards the extremities and fairly wide in the centre. In its physical 
character, it differs greatly from the others. The level lands between Yamuna 
and Chambal consists of mere ridges and narrow strips flanked on either side 
by ravines leading to the river. 
Climate 
The Agra district lies in the region of semi arid climate, which is influenced 
by two distinct air currents known as the NE and the SW monsoon. The 
reversal of pressure takes place regularly twice a year due to these two 
prevailing type of winds. During the NE monsoon period, wind blows in the 
region from west to east. It is almost dry because of its origin over landmass. 
The weather in this monsoon is marked by clear sky, low humidity and high 
temperature. During the SW monsoon months, winds which blow in the plain 
from east to west are oceanic in origin and are laden with moisture. The 
associated weather is characterized by overcast skies, heavy rainfall and high 
humidit}'. The pressure gradient during the dry monsoon season ^ very 
gentle and resultant wind force is also weak. On the other hand, intensive 
heat during the wet monsoon season gives birth to steep gradients owing to 
which winds blow with a strong force. The period from mid. June to mid. 
September receives maximum rainfall. The average rainfall ranges 
between 600 mm ^ greater than 650 mm. 
The Indian Meteorological Department (IMD) has recognized the following 
climatic seasons in Agra district viz; 
[A] The season of NE monsoon 
1. The cold weather season (Jan.- Feb.) 
2. The hot weather season (Mar. - Mid. June) 
[B j The season of S W monsoon 
1. The season of general rain (Mid. June-Mid. Sep.) 
2. The season of retreating monsoon (Mid. Sep.- Mid. Dec.) 
Drainage 
The river Yamuna is the biggest and only pereninal river of the region, 
originating from the Yamunotri glacier in the Himalayas. The river originated 
in the past Mid-Miocene age. The river enters Agra with a great loop making 
the boundary with Mathura only for a little distance. When it leaves Agra cit\' 
few kilometers to the east, it is joined on the left bank by a small tributar> 
Jhirna. About 10 kms of Agra city, the river makes large loop enclosing a 
tract of heavy alluvial soil. After receiving the water of river Utangan in the 
extreme east of Fatehabad, the river continues its course along the north of 
tehsil Bah. 
The drainage follows the general slope and relief features of the region and 
adopts the direction roughly from NW to SE. The river Yamuna and its 
tributaries drain the region. Wherever there is a low-lying area sufficient 
enough to accumulate rainwater and turns immediately into nalas, drain one 
of the larger river or its tributaries. This process goes on and these channels 
gradually became more and more pronounced. The nalas, which occasionally 
turn into minor streams, cover mostly the land surface of the southern portion 
of the region. 
Vegetation 
The rabi and kharif are the main harvests in the study area. The rabi being 
more important and the principal rabi crops are wheat followed by gram. The 
chief kharif crops are bajra and maize. Sugarcane and cotton are the main 
cash crops of the district. Besides rabi and kharif crops, the other plants 
scattered in and around Agra district include babul, ber. neem and peepal etc. 
Relief 
The district of Agra is situated on a monotonous flat surface sloping from northwest 
to southeast. The general trend of the slope is regular except a few inequalities 
throughout the region. The mean sea level of the region is 176.8 meters and the 
average slope is 1 meter per 5 kms. 
One of the most remarkable feature to the west of the Yamuna is the 
approach of the highly denuded Upper Vindhyan outcrops with the remnants 
of the solid rocks scattered here and there. A totally different soil shows that 
this tract is physically distinct from the "doab". The outcrop occurs as parallel 
ridges mainly as Bhandrauli and Fatehpur Sikri spurs, runing SW to NE. 
The most salient feature of relief is the existence of ravines along the 
Yamuna and Chambal rivers. The ravines of these rivers are so extensive that 
watershed appear like hills and stand out in deep contrast with the 
monotonous level of the doab to the east, unbroken as it is by any eminence 
and varied only by steep and narrow ravines which furrow the surface 
immediately adjoining the Yamuna. To the west of the Chambal. the ravines 
are still more wild and inhospitable and more bare and barren than those to 
the east. 
Soil 
The existing information about the soils of the district is based upon the 
colour, texture, availability of water supply and the level of the land. 
Broadly speaking, the soil of the region is alluvial and is placed into two 
types viz; the Khadar and the Bhanger, which are further categorized into five 
t\'pes. A brief account of each soil together with their salient features is given 
below: 
Sandy soil 
The sand\ soil occurs over a narrow belt of recent alluvium along the river 
bands of Yamuna, Utangan, Khari nadi and the Chambal. The tract receives 
generally silty and sandy deposits year after year as a result of the flooding of 
the rivers. The colour of the soil varies from light gray to ash gray and the 
texture is sandy-silty loam. The groundwater table is usually very near to the 
surface. The soil at places is alkaline in reaction and since during the summer 
month, owing to capillary pull, the subsoil water with dissolved salts comes 
upon the surface and after evaporation a white encrustation of salts is left. 
Agriculture is precarious in the Khadar soils. 
Sandy loams (Piliya) 
The sandy loam occurs in small areas of the tehsils Kiraoli and Etmadpur. 
The soil is generally light loams having a large proportion of sand (about 
60% coarse and fine sand) in its composition. It is composed of recent 
alluvium and is generally found near the border of the Khadar lands in a 
narrow strip. 
Sandy loams are generally yellow to yellowish brown in the upper horizons 
and the soil being porous, but it is easy for ploughing and spading. Organic 
matter constitutes a low percentage especially in the lower horizons. The 
colloidal base exchange capacity is also low. The sandy nature coupled with 
the low organic content discourage the growth of vegetation. 
Loamy soil (Dumat) 
The loamy soil is mainly found in well drained part of the district and 
confined to the study area and Kheragarh tehsil. It is more productive than 
sandy loam due to high percentage of fine sand and silt, which together 
constitutes about 60% of the rock material. The drainage is almost good 
except where "kankar' nodules have accumulated at a depth of 1 to 1.5 
meters, which check the water to move freely. The texture of the soil is silty 
and the colour varies from yellowish brov/n to brown depending upon the 
content of iron oxides and humus. The upper horizons of the soil consist of 
lesser amounts of sand which increases with depth. Consequently, the soil has 
a high moisture retaining capacity in its upper horizons but there is a scarcity 
in the lower horizons. 
Clayey loam (Matiyar) 
The clayey loam locally known as matiyar is confined to the southwestern 
part of the region (Kiraoli and Kheragarh). At the surface, the colour of the 
soil is gray to yellowish gray but in the lower horizons they deepen to dry 
gray colour. The water retention capacity of clayey loam is higher than that of 
the loamy soils. Moreover, they are rich in clay. At a depth from 0.6 to 
l.Smeles calcareous pans (kankar) may also occur in the clayey loam. 
Calcium from the surface is leached and accumulates at various depth in tiie 
form of kankar nodules. The drainage is impeded by the presence of kankar 
with the result that the water is held up and becomes stagnant in the rain\ 
season. 
Clayey soil (Chiknat) 
The clayey soil is gray to black in colour with a compact and cloudy structure. 
These soils become sticky when wet and very hard when dry and occur in 
patches in the tehsil of Bah, which is low lying area of the region. The black 
clay known as 'Mar' is similar to that of Bundelkhand clay found in Bah. 
Such type of soil is generally characterized by salt efflorescence at the 
surface. In some parts there is a large amount of kankar in the subsoil, which 
often crop out on the surface, rendering the soil unsuitable for agricultural 
purposes. 
Aims and Objectives 
Little or no systematic work regarding hydrogemorphology and groundwater 
prospect has so far been carried out in and around Agra district. Over 
exploitation of groundwater resources, degradation of forest wealth and 
improper water resources management are largely responsible for the 
depletion of groundwater resources and lowering of water table upto a 
considerable depth. Thus, an urgent need felt to explore the new aquifer zones 
and their optimal and conjunctive use with which the economic and 
agricultural development of the study area may speed up. 
In the light of above mentioned condition, the present investigation is aimed 
not only for the identification and delineation of groundwater prospect of the 
study area but also to locate the suitable sites for constructing artificial 
recharge for groundwater conservation and surface water storage using 
remotely sensed data. The assessment of groundwater resources are primarily 
based on the comprehensive study of lithology. structure, drainage, landform 
and hydrogeology. Various drainage parameters, which are of great 
importance in understanding the complex hydrogeological behaviour of rocks 
are also determined and discussed separately. 
Previous Work 
The area has been geologically mapped by Mallet. F.R.. (1869). Hacket. C.A. 
(1870), and Heron. A.M. (1922). Groundwater condition of the area 
have been studied by Dutt, D.K. (1958), and Pathak, B.D. and Karanth. K.R. 
(1959). 
Hydrogeological studies in part of Agra were carried out by Sinha, B.A.C. 
(1969) whereas hydrogeomorphologically Agra district was mapped b} 
Sedan, S. (1988). Impact of urbanization on groundwater of Agra is carried 
out by Mukherjee, S and Rai, J.N. (1996). Studies on heav}' metal 
contamination of groundwater in Agra district was carried out by Gopal. 
Dayal and Singh, R.P. (1989). Hydrogeological studies for pinpointing the 
well sites in the identified problem villages of Agra district, U.P. were 
performed by Rai, J.N. (1989). 
But no serious attempt has so far been carried out in order to identify and 
delineate groundwater potential zones in the study area using remote sensing 
data. 
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CHAPTER- II 
DATABASE AND METHODOLOGY 
General Statement 
Remote sensing offers an additional advantage over the old age conventional 
field methods, as it provides multithematic information, synoptic view and 
repetitive coverage of the area. The satellite image provides and allows large 
scale features to be identified which may be missed in aerial photography or 
ground survey (Moore. G.K.. 1979). The remote sensing techniques have 
importance in monitoring the ground water resources, particularly in llic 
demarcation and delineation of prospective zones, selected as an approach to 
the present investigation. 
Data Requirement 
The space borne data products along with other ancillary data were used in 
order to performed the present study. A list of the data required and used is 
given below: 
• Survey of India toposheets on 1:50,000 scale 
• IRS-ID, LISS III image covering 2T 5' and 27"2()' latitude. 78"5' and 
78''20' longitude. 
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Index oFthe IRS-ID, LISS-III images and toposheets covering the study area 
of Agra district, U.P., is illustrated in Fig. 2. 
Brief Outline of the Methodology 
During the course of investigation, the present study is carried out in the 
following steps vi/; 
1. Using SurvcN of India toposheets on 1:50,000 scale, base map of 
the study area was prepared (Fig. 3). 
2. Visual interpretation of IRS-ID, LISS-III and FCC images was 
carried out using the light table and hand lense . 
3. Overlays were prepared by identification, interpretation and 
delineation of various thematic details about structure and 
geomorphology of the study area using standard interpretation 
techniques. 
4. The interpreted thematic details were used to prepare the 
preliminary geomorphological map. 
5. A drainage map was prepared using the Survey of India toposheets 
and the IRS-ID, LISS-III images for interdisciplinary studies. 
6. Detailed field traverses have been taken to collect ground truths. 
This involves the checking of various delineated geomorphological 
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Figure 3: Base Map of the Study Area 
units and their boundaries, physical examination of different soils, 
soil units, landuse/land cover etc. In addition to these. 
hydrogeological studies were also carried out in the area of study. 
7. Preliminary maps were modified by certain past field correction and 
(jjjtft*. 
final drainage and geomorphological mapj /.^prepared. 
8. Detailed hydrogeomorphic investigations of different drainage 
basin were carried out through quantitative analysis and synthesis of 
morphometric parameters. 
9. By integrating information about drainage, landuse/landcover, 
geomorphology, hydrogeology etc. of the study area, groundwater 
resources were evaluated. 
The methodology adopted for the present study is illustrated 
in the flow chart given below 
IRS-ID Data 
Secondary Literature 
Survey of India toposheet 
Visual Interpretation 
N y 
Demarcation of various 
iandforms 
Geomorphological Mapping 
T 
Analysis of geomorphological 
features and their description 
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IRS-ID, LISS-III IMAGE OF ETMADPUR AREA OF AGRA DISTRICT 
CHAPTER-III 
REMOTE SENSING 
Introduction 
Remote sensing is the science of making inferences about objects from 
measurements made at a distance, without coming into physical contact with 
the object under study. Remote sensing refers to any method which can be 
used together with the information about an object without actually coming in 
contact with it. The human eye with its muscular control retina is one of the 
best examples of remote sensing system. In practice, the term is confined of 
the use of sensors detecting, measuring and recording the target characteristic 
using electromagnetic energy. During the early stages of remote sensing 
technology, the data were gathered in the form of photographic film. Various 
techniques were evolved in deducing useful information from simple black 
and white as well as multiband photo imagery. However, in modern remote 
sensing, an aircraft and spacecraft collect vast quantities of data. These are 
increasingly collected in the form of electrical signal, mostly as trains of 
digital pulses. Modem remote sensing devices include passive and active 
systems, employ different bands in the visible spectrum, in the near infrared 
as well as in the radio waves. The reflectivity and immissivity of the 
terrestrial objects in the lithosphere, hydrosphere or biosphere in the various 
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bands of true electromagnetic spectrum are quantitatively registered by the 
sensitive sensing system. Recording in about ten bands - visible and invisible 
- over a ten stage intensity scale, can provide ideally ten billion combinations 
of terrestrial (land, sea and air) features. The remote sensing system records 
the energy only from long wavelength portion of ultraviolet, visible, infrared 
and microwave regions of the spectrum because the energy in gamma ray, X-
ray and most of ultraviolet portion is absorbed by the earth's atmosphere and 
thus, not available for remote sensing. 
The remote sensing involves the multistages concept of satellites data, high 
attitude data, low attitude data and ground observation. Each successive stage 
furnishes detailed information over smaller area. A brief description of 
various methods employed in remote sensing is given as follows: 
Aerial Photography 
The aerial photography is also a remote sensing technique in which the 
focused image is recorded on photographic film. 
The geological interpretation of aerial photographs is based primarily on the 
quantitative use of fundamental recognisation elements viz; photographic 
elements viz; tone, texture, shape, size, pattern and relationship, while 
geotechnical elements include landfomis, drainage density and pattern. 
vegetation, erosion pattern and landuse along with the factors like 
convergence of evidence, scale and vertical exaggeration. 
Satellite Remote Sensing 
Images acquired from satellite prior to 1972 for many years but satellite 
remote sensing has gained impetus with the advent of landsat technology. 
This technology is advantageous in a manner that it provides repetitive 
coverage of the same area after every few days, low cost data in digital format 
available for computer processing and records energy in wide range of 
electromagnetic spectrum. 
The satellite remote sensing system consists of a platform, navigation device, 
operator, sensor data processor and interpreter. The electromagnetic energy 
reflected or remitted from the object is received through the sensors fixed on 
the platfonn. The sensor converts the energy into signals. These signals are 
transmitted to the ground receiving station, where they are recorded on 
magnetic tape. Five landsat satellite of two generation with different 
platforms and three different imaging systems have been launched. The first 
generation of satellites consists of landsat 1. 2 and 3 and landsat 4 and 5 are 
of second generation. Return -Beam-Vidicon (RBV). multi-spectral 
scanner (MSS) and thematic mapper (TM) are the imaging system deployed 
in the different satellites. 
French space agency has launched the SPOT satellite with high resolution 
visible (HRV) imaging system. HRV is an along track scannerjoperates either 
in high-resolution panchromatic or multi-spectral modes. High-resolution 
panchromatic mode records a single panchromatic image in 0.51 to OJ\xm 
spectral band. Multispectral mode records images in three spectral bands 
(green, red and reflected IR). 
Indian Remote Sensing satellite (IRS-IA and IRS-IB) employ linear imaging 
self scanning (LISS) imaging system. This imaging system has three bands in 
visible and one is reflected IR spectral regions. IRS-IC is launched 
successfully on 28th December, 1995 from Baikaner cosmodrome in 
Kazakistan and IRS-ID launched on 29"" September. 1997 from Sriharikota. 
India. 
The characteristics of various remote sensing satellites are tabulated and 
presented in Table-I 
The satellite remote sensing has become most valuable tool for the adequate 
and up-to-date resource information in various disciplines such as forestar\'. 
agriculture, geology and hydrogeology and equally valuable for landuse 
analysis, environmental monitoring, resource exploitation, evaluating 
groundwater prospect and natural hazards etc. 
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Thermal Infrared Images 
The technology of imaging thennal infrared portion of electromagnetic 
spectrum was developed for military purposes in the year of 1950 for the 
location 
Table I: Characteristics of Landsat, IRS-IA, IB, IC and ID 
Statellite Sensor Spatial Radiometric Temporal Swath 
Resolution Resolution Resolution 
Landsat 
1 
2 
3 
MSS 80 mtrs. 7 (bits) 18(days) 185 km 
Landsat TM& 30mtrs 120 8 16 185 km 
4 MSS mtr. (TM6) 16 
5 
IRS LISSI 72.5 mtrs 7 22 148 km 
lA LISS II 36.25 mtrs 22 146.98 
and km 
IB 
PAN 5.8 mtrs 8 5 70.5 km 
IRS LISS III 23.5 mtrs 24 141 km 
IC WIFS 188 mtrs 34 780 km 
and PAN 5.8 mtrs 8 5 70.5 km 
ID LISS III 23.5 mtrs 25 141 km 
WIFS 188 mtrs 34 780 km 
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of military vehicles and camp fire etc. In the mid 1960, they were released 
for their use in civil applications. 
The images are acquired in the two atmospheric windows with wavelength 
ranges from 3 to 5 fim and 8 to 14 ^m. Thermal images from satellite 
recorded from 10.5 to 12.5 [xm. This absorption is caused by theozone layer 
present in the atmosphere. The aircraft fly beneath theozone layer records the 
energy from 8 to 14 fim band. Emissivity, thermal capacity, thermal 
conductivity, thennal diffusivity, thermal inertia etc., are some of the thermal 
properties of the matter that determine the rate and intensity of the 
interactions between the thermal energy and matter. Thermal infrared data 
have been used to detect very small temperature difference particularly in the 
identification of crop types, location of forest fire and hollow etc. as well as 
temperature differences particularly in the location of hot spring, geysers, gas 
seepage and location of fire bath above and below the ground. 
Radar Imaging System 
Radar (Radio detection and ranging) is an active remote sensing system, 
which records electromagnetic energy at various wavelength bands in 
microwave region (0.1 to 30 cm). This system operates irrespective of 
daylight and cloudy weather conditions. Images thus obtained with high 
degree of resolution and high contrast ratio because atmospheric absorption 
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and scattering are ver\' less except at the shortest wavelengths of microwave 
region. 
Radar was developed for navigation and locating targets during World War-
II. In the year 1950. the Side-looking airborne radar (SLAR) was developed 
and reconnaissance survey were conducted in continuous strips. Synthetic 
Aperture Radar (SAR) has been developed with high degree of spatial 
resolution (6 to 10 meters) and has potential applications in geological 
studies. Different types of radars developed from time to time are imaging 
radars and non-imaging radars. The imaging radars are SLAR and SAR. The 
non-imaging radar includes scatterometers. altimeters, low frequency 
scatterometer and radar scatterometers. The imaging radars commonly use 
wavelength at Ka, x ^nd L bands. The radar wavelengths used in remote 
sensing are presented in Table II. 
The radar image is very useful in deciphering the presence of fault and 
estimating the soil moisture. It is supplementary to normal photography owing 
to its operation in the areas of unfavourable weather conditions. 
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Table II: Radar bands with their corresponding wavelengths 
Band Wavelength (cm) 
Ka (0.86 cm) 0.8 to 1.1 
K 1.1 to 1.7 
Ku 1.7 to 2.4 
X (3.0 and 3.2 cm) 2.4 to 3.8 
C 3.8 to 7.5 
L (25.0 cm) 15.0 to 30.0 
P 30.0 to 1000.0 
Application of Remote Sensing in Groundwater Prospects 
The technology of remote sensing has proved its worth in deciphering the 
ground water resources. It is advantageous in a manner of being time and cost 
effective, synoptic coverage facilit}' and operation in inaccessible areas. A 
study of landforms and fracture patterns in integration with other related 
informations has become the most powerful aiding tool in order to obtain 
informations about the hydrogeologic properties of the formation. 
23 
The visual interpretation of aerial photographs and satellite images with 
ground truth data provides adequate information about the hydrologicai 
behaviour occurring in the area. IRS-ID, LISS-III image data on 1:50,000 
scale appears to be the most useful for mapping of hydrogeomorphological 
units. Uses of aerial photographs in ground water studies gained impetus in 
the year 1950. Howe. R.H.L. (1958), Nefedov, K.E. and Papova, T.A. (1972) 
have described the methods of mapping groundwater from aerial 
photographs. In the year 1972. it has become possible to map the potential 
zones of groundwater by satellite images with the successful launch of 
Landsat-1. Roy A.K. (1972. 76, 79) and Sharma, S.K. et al (1975) have 
explained the successful use of hydromorphogeological approach in 
groundwater mapping. In hard rock area, the fractures and weathered zone 
served as an fruitful exploration base in planning of groundwater prospects 
(Baweja, B.K. et al. 1979). The application of remote sensing for 
groundwater exploration has described by Cho, M. et al (1989). Landsat data 
were used for groundwater study in the Kalahari Plateau of Botswana b} 
Gumey, R..I. et al (1982). The following main trends of remote sensing 
applications for groundwater exploration have been explained by Roy, A.K. 
(1984). 
1. Mapping of drainage and drainage analysis. 
2. Mapping of landforms, landuse and change therein. 
3. Geologic and structural mapping vis-a-vis groundwater control. 
4. Mapping of vegetation and drainage anomalies as indicators lor 
groundwater. 
5. Evaluation of soils (hydrologic soil groups) and soil moisture 
condition. 
6. Delineation of groundwater potential zones, based on geological 
as well as landscape studies (hydromorphogeology). 
The infra-red images are used to map the temperature variation of ground 
surface, enables the evaluation of groundwater resources. Shallow aquifers 
can be delineated by thermal infra-red data taken at appropriate times of the 
diurnal and seasonal temperature cycles (Heilman, J.L. and Moor, D.G., 
1981). Thennal data may also be used to identify alluvial deposits, shallow-
groundwater. spring and seeps through the differences in temperature 
resulting from near surface groundwater (Engman, E. T. and Gumey, R..I., 
1991). 
The synthetic aperture radar (SAR) is found very useful in groundwater 
prospecting, particularly in arid areas. It can detect the soil moisture by virtue 
of penetrating capability of long wave. Singh, R. et al (1979) have measured 
the dependence of dielectric constant of soil on the moisture content in the x-
band. 
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The discussion in the preceding section shows that the tcnowledge of 
physiography, soil, landuse/landcover, vegetation cover, drainage, depth and 
intensity of weathering, hydromoiphogeoiogical units and Hneaments is 
essentia! in the resource exploration of groundwater. 
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CHAPTER - IV 
GEOLOGY AND STRUCTURE 
General Statement 
Geologically, the area in and around Agra is characterized by the rocks 
belonging to the Delhi Super Group, the Vindhyan Super Group and 
Quaternary sediments. The Delhi Super Group is represented by Alwar and 
Ajabgarh series characterized by medium grained schistose quartzites of 
Alwar series well exposed in Kaman area near Mathura,whereas in Rajasthan, 
dark colour crystalline quartzites belong to the Ajabgarh series are well 
exposed at Gobardhan and west of Bharatpur district (Rajasthan). The 
Vindhyan Super Group in the study area is represented by Upper Bhander 
and Lower Rewa sandstone. Most of the area is covered by Quartemary 
sediments which mainly consists of sand, gravel and clays. 
Geological Set - Up 
The study area Etmadpur is a part of Agra district is a part of Indo-Gangetic 
alluvium plain. It lies between parallels of 78°5'N and 78"20'E to 
27°5' N and 27°20' E . The study area is bounded to the south by the peninsular 
shield comprising rocks of the Precambrian age and forms the north-eastern 
extension of Rajasthan. These rock formations are believed to constitute the 
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basement over which the quaternary sediments of Yamuna-Ganga river 
system have been laid down. 
The general geological succession in the study area as given by Heron (1922) 
and later by Pathak and Karanth (1959) with modification is followed and 
given as: 
Generalized Geological Sequence 
Recent to upper Newer Alluvium Sand and Gravel 
Quaternary Pleistocene 
Pleistocene 
Older Alluvium Sand, clay, silt 
and kankar 
Laterite and clay Laterite and clay 
Unconformity 
Upper Vindhyan Upper Bhander Sandstone, hard 
Cambrian (Vindhyan Super Sandstone and compact 
Group) Lower Rewa Sandstone hard 
Sandstone and compact 
The litho units encountered in the Agra district belonging to the Upper 
Vindhyan and Quaternary age are briefly described and illustrated in Fig. 4. 
The rock fomiation belonging to the Vindhyan Super Group in the study area 
are identified and recognized as Lower Rewa sandstone and Upper Bhander 
sandstone. The Lower Rewa sandstone occurs as discontinuous strike ridges 
southwest of Biyara. The Rewa sandstone is white to pinkish in colour and 
comprise mainly compact, hard, fine-grained, bedded sandstone and is 
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Figure 4: Geological Map of (he Study Area 
generally less ferruginous than the sandstone of the overlying Upper Bhander. 
The sandstone bed dips 5" to 20° towards southeast. 
The Upper Bhander sandstone is reddish in colour, hard, compact, fine 
grained and characterized by white to fawn coloured spots. The presence of 
ripple marks and current bedding in these sandstones indicate deposition 
under shallow water conditions. 
Quaternary sediments include sand and gravel beds in the form of alluvium 
and serve as good aquifers. The size of sand vary from fine to coarse with 
sub-angular to rounded grains. The sand is moderate to highly permeable. 
The texture and thickness of sand deposits vary from one place to another and 
their water yielding capacity also differ from place to place. The sand in the 
area of Etmadpur is found interclated with silt and clay, which diminish their 
water yielding capacities. The clays are generally dense and impervious. 
The area included for groundwater exploration is underlain by older alluvium. 
The southern boundary of the older alluvium coincides with the exposures of 
older formation. The older alluvium has been pierced by drill holes consists 
of clay, silt and sand with gravel and kankar. They occur as lenticular beds 
and show rapid variations both horizontally and vertically and grading into 
one another. The thickness of older alluvium in the area is limited by the 
topography and the configuration of the bed rock which varies from feather 
edge in the southwest to more than 304.8m in the northern part. The 
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Etmadpur area covered with newer (younger) alluvium mainly consists of 
sand and gravel. The sand and gravel beds in the alluvium form good 
aquifers. Sand ranges in size from tine to coarse with sub-angular to rounded 
grains. These aquifers show consolidated coarse grained lithounits which 
show high porosity and high permeability. In the study area the thickness and 
texture of the sand deposits vary from one place to another and their water 
yielding capacities also vary from place to place. 
The lithounits identified and recognized from the IRS-ID, LISS-lII images 
and their imaee characteristics are given in the Table 111. 
Table III: Photocharacters of litho units identified in the studv area 
from IRS-ID, LISS-III Image 
Litho-unit Tone/colour Texture Drainage Vegetation 
cover 
Landuse 
Younger 
Alluvium 
Light to dark. 
Yellow to 
yellowish 
brown. 
Motteled Dendritic Moderate to 
high 
High 
Older 
Alluvium 
Light to dark. 
Yellow to 
yellowish 
gray-
Motteled Dendritic to 
sub-dendritic 
Moderate to 
high 
Moderate to 
high 
Lower Rewa 
sandstone 
Light to 
medium gray 
and white to 
pinkish. 
Motteled and 
smooth 
Dendritic to 
sub-dendritic 
Moderate Moderate 
Upper 
Bhander 
Sandstone 
Light to 
medium gray 
and white to 
reddish. 
Motteled and 
smooth 
Dentritic to 
sub-dendritic 
i 
.Moderate Moderate 
Structure 
In and around Agra, the rocks belonging to the Vindhyan Super Group are 
highly folded and faulted. Heron (1922) mentioned two main faults running 
parallel to each other in NE-SW direction. The eastern extremity of the Great 
Boundary Fault passes from eastern Rajasthan has been traced to about three 
km. west of Agra district in Kheragarh tehsil. The north-western fault is not 
so well seen and far much of its length, can only be approximately laid down 
on the map, owing to the large spread alluvium beneath which it lies. It is first 
inferred in the extreme north - eastern portion of the area explored, from the 
way in which the Upper Bhanders ridge on which Fatehpur Sikri stands and 
the Rewas of the chain of flanking hills dip steeply and regularly towards the 
horizontal sandstone of the plateau. These uplifted Upper Bhanders form a 
remarkably straight and almost uninterrupted ridge from Kiraoli near Agra. 
Ripple marks and current bedding are also identified in the Upper Bhandar 
sandstone. Although, the major part of the area forms a part of the Indo-
Ganga depression. 
Furthermore, the alluvial deposit extending to a depth of about 152.4m at 
Agra and Basai Kalan is very close to the outcrops of the Vindhyan 
formation, shows how rapidly the flow of the bed-rock must have shelved 
beneath the accumulation of the fluviatile deposits. 
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Lineament Study 
Lineaments are the linear features that can be picked up as lines. Faults, joints 
or boundaries between stratigraphic horizons mark the geological or natural 
lineaments. Man-made lineaments include roads and railroads or some other 
features caused by unknown (unspecified) factors. 
A linear feature on aerial photo or graph imagery appears as discontinuity that 
is either darker in middle and lighter on both sides or is lighter on one side 
and darker on the other side. 
The area of Etmadpur is mainly covered by alluvial plains. Using IRS-ID, 
LISS-III imagery (Fig. 5), about seventy five lineaments were picked up and 
are expressed as micro-relief linear, tonal variation, linear vegetation pattern, 
local linearity or rectilinearity of drainages. The total length of these 
lineaments is about 158.75 km (Table IV). The lineaments show scattered 
pattern in the area of interest which may be possibly due to differential 
amount of stress applied to the area in the geological past. 
In order to find out the dominant trends using constant class interval, rose 
diagram has been plotted and shown (Fig. 6). The maximum length of the 
lineaments are in north-west and north-east direction. The frequency diagram 
shows the dominant trends in the north-east and south-west directions. The 
longest lineament of 21.25 km is trending north direcfion. 
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Figure 5: Lineaments Map of the Study Area Based on IRS-ID LISS-lII 
image. 
Table IV: Number and length of lineaments corresponding to their class 
intervals 
Class Interval (degree) Number of 
Lineaments 
Length of lineaments 
(km) 
0-10 4 10.00 
10-20 2 15.00 
20-30 2 2.50 
30-40 2 3.75 
40-50 3 5.00 
50-60 7 12.50 
60-70 3 3.75 
70-80 4 6.25 
80-90 6 10.00 
270-280 4 7.50 
280-290 0 0.00 
290-300 1 2.50 
300-310 3 10.00 
310—320 8 20.00 
320-330 5 8.75 
330-340 6 11.25 
340-350 6 8.75 
350-360 9 21.25 
75 158.75 
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CHAPTER-V 
DRAINAGE BASIN MORPHOMETRY 
General Statement 
Morphometric analysis of the drainage basin and channel network plays a 
vital role to understand the hydrogeological behaviour of a drainage basin. 
Quantitative hydromorphometric analysis of drainage basin was initiated by 
Horton, R.E. (1932, 1945). His work was supplemented by Langbein, W.B. et 
al. (1947) and followed up by various workers, viz; Golding, B.L. and Low, 
D.E. (1950), Strahler, A.N. (1952, 1954, 1957, 1958), Schumm, S.A. (1956), 
Coates, D.R. (1958) etc. The drainage analysis of a part of Trichinopoly 
district, Tamil Nadu have been carried out by Raghavan, H. et. al. (1983). 
Morphometric analysis of Khairfuli basin is carried out by Nautiya, M.D. 
(1994). The study indicates that the drainage of lower order basins mainly 
controlled by structure, whereas higher order streams apparently follow the 
direction of regional gradients. 
The drainage map (Fig. 7) of the study area was prepared and four drainage 
basins viz; basin 1st, basin Ilnd, basin Ilird and basin IVth were selected for 
detailed morphometric analysis. Various drainage parameters are determined 
and discussed in detail with respect to the following aspects: 
I Linear aspects of channel network. 
II Areal aspects of the drainage basin. 
III Relief aspects of channel network and contributing slopes. 
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Figure 7: Drainage Map of the Study Area 
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Figure 8: Map of I^-Drainagc Basin showing Stream Orders and other 
Basin Characieristic 
Figure 9; rnd Map of II -Drainage Basin showing Stream Orders and other 
Basin Characteristic 
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Figure 10; Map of ilf-Drainage Basin showing Stream Orders and other 
Basin Characteristic 
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Figure I 1: Map of IV'-Drainage Basin showing Stream Orders and other 
I. LINEAR ASPECTS OF THE CHANNEL NETWORK 
Stream Orders 
The system for designation of stream order was introduced by Horton 
(1945) for the first time and later modified by Strahier (1957). Melton, 
M.A. (1959) has explained mathematical concept for ordering the streams. 
In the study area, streams upto fourth order are found to be present. The 
number of stream segments present in each order are counted and presented 
in Table V. It was observed that the number of stream segments decreases 
as the stream order increases. This observation verifies the Horton's law of 
stream number, i.e., the number of stream segments of each order form an 
inverse geometric sequence with order number. 
Bifurcation Ratio (Rb) It is the ratio between the number of stream of one 
order and those of the next higher order in a drainage network. Bifurcation 
ratio can be determined by the formula: 
Rb = 
Nu + : 
where, 
Nu = Number of stream segment present in the given order. 
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Bifurction ratio characteristically ranges between 3 and 5 for watersheds in 
which the geologic structures do not distort the drainage pattern (Chow, 
1964). 
In the present area of investigation, the bifurcation ratio ranges between 4.4 
and 6.4 which is slightly higher than the range mentioned above, clearly 
indicate the possibilities of geologic control over the drainage pattern. 
Semi-log plot of stream order versus stream number has been plotted (Fig. 12) 
and a best-fit line drawn over the values indicate the increase in stream 
number with the decrease of stream order. The distortion of drainage pattern 
seems to be due to structural disturbances. 
Stream Length 
Horton (1945) has postulated that the length ratio tends to be constant 
throughout the successive orders of a watershed. His law of stream length 
states that the mean length of stream segments of each of the successive order 
of a basin tends to be approximate a direct geometric sequence in which the 
first term is the average length of segments of the first order. The length ratio 
is the ratio of the mean stream length of the given order to the mean stream 
length of next lower order and is given by 
RL = - ^" 
Lu-\ 
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where. 
RL = Stream length ratio 
Lu = Mean stream length of a given order 
Table VI shows the total stream length against each order, mean stream 
length of each order and stream length ratio. The mean stream length of each 
order were plotted against the stream orders. The mean stream length 
increases with the increase of stream order and vice versa. The slope of the 
best til regression line gives mean length ratio (Fig. 13). The cumulative 
stream lengths were also plotted against the stream order on log-log paper as 
suggested by Strahler (1957) and it was observed that cumulative stream 
length decreases with the increasing stream order (Fig. 14). It is also 
obser\ed that the mean stream length of third order stream in every 
watershed is abnormally increased. 
II. AREAL ASPECTS OF THE DRAINAGE BASIN 
Basin Area 
The area which is drained by stream or a system of streams in such a way 
that all stream flow originating within the basin parameter, discharged 
through a single outlet. The maximum drainage area is covered by basin Ilnd 
whereas basin IVth is characterized by minimum drainage area (Table VII). 
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Basin Shape 
The shape of the basin is a very important factor in determining discharge 
characteristics of streams. Elongation ratio (Re), Form factor (Rf) and 
Circularity ratio (Re) are some of the parameters, which give an account of 
the shape of the basin. These parameters are briefly described and discussed 
as follows: 
Elongation Ratio (Re) 
This parameter was used by Schumm (1956) and defined as the ratio of 
diameter of a circle of the same area as the basin to the maximum basin 
length. 
IJAuJn Re = 
Z,6(max) 
where. 
Au = Area of the basin (km") 
Lb (max.) = Maximum length of the basin (km) 
The values of elongation ratio is generally vary from 0.6 and 1.0 over wide 
variety of climatic and geologic types (Schumm, 1956). 
The values of elongation ratio in the study area vary from 0.36 to 0.73 (Table 
VII) indicates clearly high relief and steep ground slope. 
Form Factor (Rf) Quantitative expression of drainage basin outline form was 
made by Horton (1932) through form factor, which is the dimensionless ratio 
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of basin area to the square of basin length and can be determined by the 
formula: 
Lh-
where. 
Au = Basin area (km^) 
Lb = Basin length (km) 
The present study indicate that the form factor of the basin 1st and IVth is in 
the order of 0.18 and 0.10 respectively whereas in the basin Ilnd and Ilird 
values are 0.40 and 0.42 respectively. 
It is observed that the form factor between 0.10 (IVth drainage basin) and 
0.42 (Ilird drainage basin) indicates circular shape of Ilird drainage basin 
with higher values whereas the remaining drainage basins are elongated in 
shapes as indicated by the lower values of form factor (Table Vll). 
Circularity Ratio (Re) This term was introduced by Miller, V.C. (1953) and 
define as the ratio of basin area to the area of a circle having the same 
perimeter of the basin, which can be determined by the formula: 
AnAu Re = —r -
where. 
Au = Basin (km^) 
P = Perimeter of the basin (km) 
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In the present study, the circularity ratio (Table VII) ranges from 0.20 to 
0.62. The high circularity ratio in Ilnd and Ilird drainage basin indicates that 
they are more or less circular and are characterized by high to moderate 
relief and drainage system seems to be structurally controlled. The 1st and 
IVth drainage basin have less than 0.57 indicating that they are elongated. 
Drainage Density (Dd) 
The drainage density is the mean length of streams within a catchment per 
unit area and it is determined by dividing the total channel-segments 
cumulated for each order to the basin area (Horton, 1932). The drainage 
density can be determined by using the formula: 
Au 
where. 
^ L = Total channel segment lengths cumulated for each order (km) 
Au = Basin area (km"). 
In general, low drainage density is favoured in the regions of highly 
resistant or highly permeable subsoil material under dense vegetative cover 
where relief is low. High drainage density is favoured in regions of weak or 
impermeable subsurface materials, sparse vegetation and mountaineous 
relief (Chow, 1964). The low drainage density leads to coarse drainage 
texture while high drainage density leads to fine drainage texture. The 
drainage density in the study area varies between 1.95 and 2.89 km/km^ 
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indicating low drainage density and the region has highly permeable 
subsoil and dense vegetative cover. 
Stream Frequency (Fs) 
The term stream frequency or channel frequency was introduced by Horton 
(1932) and is defined as the number of stream segments per unit area. The 
stream frequency can be determined by using the formula: 
Fs = — 
Au 
where, 
Ns = Total number of streams in the basin 
Au = Basin area (km ) 
The present study indicate, that the values of stream frequency are highly 
variable i.e. 0.34 in Ilird basin and 1.24 in 1st basin indicates clearly that it 
is possible to construct to hypothetical drainage basins having the same 
drainage density but different stream frequency and on the other hand, it is 
possible to have two basins of the same frequency but different density. In 
the present study 1st basin and IVth basin have nearly same drainage 
density however, stream frequency for these vary basin is widely variable. 
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Infiltration Number (If) 
Infiltration number of a drainage basin is the product of drainage density and 
stream frequency of a basin. It is the number by virtue of which an idea 
regarding the infiltration characteristics of the basin is obtained. The higher 
values of the infiltration number in a basin clearly indicates low infiltration 
and high runoff. 
According to Horton (1945), drainage texture is the total number of stream 
segments of all orders per perimeter. He recognized infiltration capacity as the 
single important factor which influences drainage texture and drainage texture 
includes drainage density and stream frequency. Smith (1950) has classified 
drainage density into five different texture. The drainage density less than 2 
indicates very coarse, between 2 and 4 is related to coarse, between 4 and 6 is 
moderate, between 6 and 8 is fine and greater than 8 is very fine drainage 
texture. The present study indicates that the drainage density (Table VIII) 
feature is very coarse to coarse in the study area. 
The numerical values of drainage density, stream frequency and infiltration 
number of Etmadpur area are given in Table VIII. Log-log plot of drainage 
density Vs stream frequency for the watershed is shown in Fig. 16. 
The numerical values of drainage density ranges from 1.95 to 2.89, stream 
frequency ranges from 0.34 to 1.24 and infiltration number ranges from 0.67 
to 3.4 of every watershed were compared and it was observed that the 
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Table-VIII: Drainage density, Stream frequency and Infiltration number of 
Catchments 
Drainage Basin Drainage density 
(Dd) 
Stream frequency 
(Fs) 
Infiltration 
number (If) 
I 2.73 1.24 3.4 
II 2.16 0.6 1.3 
III 1.95 0.34 0.67 
IV 2.89 0.53 1.53 
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drainage basin Illrd possesses low value of the aforesaid morphometric 
parameters whereas the drainage basin 1st is having the maximum values of 
these parameters (Table VIII). It is also observed that the numerical values of 
above parameters of 1st drainage basin favour relatively more pemieable 
subsoil which is possibly due to high infiltration capacity and low runoff in 
this watershed, whereas the values of above parameters in of Ilird drainage 
basin suggest relatively less permeable subsoil material owing to low 
infiltration and high runoff in this watershed. 
Length of Overland Flow (Lg) 
The length of overland flow is the length of flow path, projected to the 
horizontal of non-channel flow from a point on the drainage divide to the 
adjacent stream channel (Horton. 1945). He has further observed that the 
length of overland flow is one of the most important independent variable 
which affects hydrologic and physiographic development of drainage basin. 
The length of overland flow is approximately equal to half of the reciprocal of 
drainage density. The length of the overland flow is calculated by using the 
formula: 
1 An 
where, 
Au = Basin Area 
L = length of basin 
The numerical values of length of overland flow for different drainage basins 
in increasing order are as follows: 
1st drainage basin =1.41 km 
Ilnd drainage basin = 2.25 km 
Ilird drainage basin = 2.20 km 
IVth drainage basin = 0.98 km 
The length of the overland flow (Lg) approximately equals to the half of the 
reciprocal of drainage density (Horton, 1945). The length of the overland flow 
(Lg) values are given above ranging from 0.98 - 2.25. Given values of 
overland flow reveals that Lg is less for IVth drainage basin as drainage 
density is highest for this basin when compared to remaining three basin.. 
III. RELIEF ASPECTS OF CHANNEL NETWORK AND 
CONTRIBUTING SLOPES 
Channel Gradient 
The channel gradient in the present study was determined by dividing the 
differences in altitudes from source to mouth by horizontal distances along 
the river. The channel gradient of different streams is tabulated and given in 
the Table IX. 
Maximum Basin Relief (H) 
The maximum basin relief (H) is the elevation difference between basin outlet 
and the highest point on the perimeter of the basin and is used to obtain the 
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potential energy of drainage system. The values of maximum basin relief for 
drainage basins were determined and presented in Table X. 
The maximum basin relief measures are indicative of the potential energy of a 
drainage system present by the virtue of elevation. In the absence of 
information as to the horizontal distances over which the relief measurement 
applies, however one can not directly relate relief to ground channel slopes. 
Relief Ratio (Rh) 
The relief ratio is the ratio of maximum basin relief to horizontal distances 
along the longest dimension of the basin parallel to the principal drainage line 
(Schumm, 1956) and is given by the formula: 
Z,6(max) 
where, 
H = Maximum basin relief (m) 
Lb (max.)= Maximum basin length (m) 
The numerical values of relief ratio for different drainage basins are given in 
Table X which ranges from 0.0004 to 0.00079. The present study indicates 
minimum relief ratio in the case of IVth drainage basin. The higher relief ratio 
of Ilird drainage basin compared with other drainage indicates that the 
process of erosion on the slope of this basin is more intense as compared to 
other drainage basins. 
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Relative Relief (Rhp) 
This term was used by Melton. (1957) and the relative relief is given by: 
P 
where, 
H = Maximum basin relief (m) 
P = Perimeter of the basin (m) 
The relative relief of different drainage basins were determined and it is noted 
that Ilird drainage basin has got maximum relative relief and IVth drainage 
basin has minimum relative relief (Table X). 
Ruggedness Number (HD) 
The ruggedness number is the product of maximum basin relief and drainage 
density, where both parameters are in the same unit. Extremely high values of 
the ruggedness number occur when both variable are large (when slopes are 
not only steep but long also Strahler. 1958). 
The numerical values of ruggedness number for different watersheds of the 
study area are given in the Table X range from 0.013 to 0.029. The Ilnd and 
Ilird sub-basin indicates low values in the order of 0.013 and 0.015 
respectively which may possibly be due to subdued relief in the area of 
interest. It is also observed that the drainage basin 1st shows higher 
ruggedness number when compared with the other drainage basin, possibly 
attributes the fact that the slope steepens of this drainage basin is more as 
compared to the other drainage basin. 
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CHAPTER-VI 
GEOMORPHOLOGY 
General Statement 
Geomorphology is considered to be a very important tool in conducting 
groundwater resource surveys. Various geomorphic features can readily be 
identified and recognized on aerial photographs and satellite images. The 
proper interpretation of geomorphic features give adequate information about 
lithology, structure and geological history of the study area. The 
geomorphological information seems to be extremely important in order to 
decipher the groundwater prospects of a region. 
Application of geomorphology to hydrogeology was explained by Thombury, 
D. (1969). Rao, D.P. (1984) has successfully applied the geomorphological 
techniques in groundwater investigation to emphasize their genetic classes of 
various landforms, salient features of various morphoclimatic regions, 
geomorphological expression of rock types, drainage pattern, fluvial 
morphometry, etc. Rao (1984) also explained the methodology of 
geomorphological analysis for groundwater studies. 
Hydrogeomorphic mapping for groundwater surveys using remotely sensed 
data have been carried out by Agarwal, A.K. and Mishra, D. (1992), 
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Figure 17: Geomorphological Map of the Study Area Based on IRS-1D 
LISS-III image. 
Bhattacharya. A. (1972), Kumar. S.S. (1982), Mangmlkar, A.D. et al. (1993), 
Raghavswami, V. et al. (1983). Ravindran, K.V. et al. (1992), Roy, A.K. 
(1979). Srivastav. J.B. and Murty, CD. (1992) and Shah, P.N. 
et al. (1992) in various parts of India. 
The present geomorphological studies aimed mainly to identify and delineate 
various geomorphic units in order to find out various groundwater potential 
zones of the study area. 
The geomorphological units have been identified and recognized using IRS-
ID, LISS-III image of Etmadpur area are shown in Fig. 17. The 
photocharacters of various geomorphic units are given in Table XI and the 
identified geomorphic units are briefly discussed as follows: 
Ravinous Land 
The ravinous land is formed as a result of intense gullying and certain 
upliftment of the area affecting. Unconsolidated material results in the 
formation of perceptible channels. The study area near Yamuna river along 
the ravines appears to have deep water table, which is possibly due to 
upliftment of the area and movement of groundwater towards the low lying 
areas of Etamadpur. 
Sand Bar (River Sand) 
Abundant longitudinal sand bar and point bar are identified along the river 
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Yamuna. The sand is generally well sorted and well rounded. These bars 
represent the alluvium, temporarily stored along the river channel in its transit 
towards the oceans. These sand bodies are normally flooded during the 
monsoons. During the dry season, however, they serve as highly fertile piece 
of land for cultivation. The extremely shallow water table excludes the need 
for irrigation. The groundwater conditions are good in this unit and fresh 
water extends to a considerable depth below the surface. 
Abandoned Channel (Paleochannels) 
Paleochannels are old river courses buried by subsequent sedimentation. 
These are generally potential reservoirs for ground water exploration. 
Paleochannels are useful in flood mitigation and identified by their contrast 
tone, characteristic winding fashion in association with cropping pattern and 
linearly oriented vegetation. The moisture content is high in the soil of 
paleochannel as compared to the surrounding areas which may be due to 
excess groundwater flow in the paleochannels. Ground water prospect in 
abandoned-channels are good because of hydrophilic nature of alluvial 
deposits, retention of flood waters near to the river are mainly responsible for 
recharge. Abandoned channels are formed by the cut off from the perinial 
channel of river and refer to the abandonment of a meander by Joining of the 
two ends of a meander and subsequent deprivation of water to the meander. 
The cut off of a meander initially produces an ox-bow lake which is gradually 
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filled up by fine sediments (clays) deposited under quiet conditions of the 
lake. 
These channels remain water logged for a part of the year due to the shallow 
groundwater conditions. The dark tone of these channels on the images is also 
due to the shallow water table. 
Younger Alluvium 
Younger alluvium refers to the recent alluvium, deposited by the Yamuna 
river. It is confined to the vicinity of the main channel on either side. On IRS-
ID, LISS-III image, younger alluvium is characterized by dark red tone due to 
presence of high moisture content and abundant vegetation. Most parts of the 
younger alluvium coincide with the younger terraces. The recent flood plain 
(T) of the river Yamuna is maintained and modified each year by the floods 
during the monsoon. It is separated from the T| terrace by a steep scrap and is 
about 2 to 3 meters in height. 
Older Alluvium 
Older alluvium in upland areas lying at a distance from the main river 
channel. This unit is out of reach of the flood water and characteristically 
possesses a deep water table. This unit is widely marked by wastelands 
mainly in the form of saline land and ravinous land along the river Yamuna 
and its tributaries. 
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Recent Flood Plain (T) 
Recent flood plain is tlie youngest geomorphological unit including various 
landforms formed by fluvial action. The recent flood plain consists of sand, 
silt, clay and facilitates channel bed infiltration. It is highly permeable zone 
helping the partial bank recharge and subsurface flow of groundwater occurs 
under semi-confined to perched water table conditions with shallow water 
level. 
Older Undulating Surface (Ti) 
The land which is devoid of forest and vegetation cover, generally prone to 
deterioration due to soil erosion and may or may not have scrub cover. Such 
land occupies relatively higher topographic locations and traceable in the 
north-eastern part of Etmadpur on both the sides of river yamuna. 
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Table-XI: Photocharacter of various geomorphic units identified in the 
study area 
Geomorphic Tone/colour Texture Pattern Shape 
units 
Ravinous Light yellow Coarse Dendritic Elongated 
land 
Sand bar Light blue Fine Lenticular Lenticular 
elongated 
Paleochannel Dark red Coarse Isolated 
curved bands 
Elongated 
Younger Light blue Medium Elongated Elongated 
alluvium lenticular 
Older Red Coarse Continuous Wide spread 
alluvium 
Recent flood Light to dark Fine to Scattered Irregular 
plain blue mottled 
Older Light yellow Fine to Scattered Irregular 
undulating to greenish mottled 
surface blue 
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CHAPTER-VII 
HYDROGEOLOGY 
General Statement 
The study area is entirely covered by the alluvium. The groundwater occurs 
both under confined and water table conditions. Comprehensive 
hydrogeological studies using remotely sensed data have been carried out in 
various parts of the country by the number of workers (Pathak, B.D. 1984; 
Raju, K.C.B. 1984; Bewaja, B.K. 1984; Srinivasan, P. 1988, Narasimhan, 
T.N. 1990, Dube. V.N. 1992 and Singh, B.K. et al 1992). 
Hydrogeological investigations in the study area were carried out using IRS 
ID, LISS III image in order to identify and delineate groundwater potential 
zones. 
Occurrence of Groundwater 
Groundwater in^study area occurs in a thick zone of saturation within the 
alluvium. The shallow groundwater exists in an unconfmed state occurring by 
and large in sand and silt layers, which often contain fairly thick 'kankar' pans. 
Deeper groundwater zones occur under confined condition as they are 
overlain by impervious fine elastics. Such deep water bearing horizons are 
generally made up of permeable sands which have limited and varying lateral 
extents. 
? j 
The groundwater occurs within the pore spaces of sand, sandy clay and 
gravel. The sandstone is particularly impermeable and therefore act as a base 
for the groundwater occurrences. The annual precipitation is mainly 
responsible for the groundwater recharge. Beside rains, surface water bodies 
like lakes, rivers and streams also contribute water to recharge the aquifer 
zone. 
Table-XII: Hydrogeological detail of well in the study area 
S.No. Topo-
sheet 
No. 
Location Measuring 
point 
A 
(m) 
Depth 
to 
water 
level 
B 
(m) 
Well 
depth 
C 
(A+B) 
(m) 
Elevation 
of land 
surface 
D 
(m) 
Elevation 
of water 
level 
E 
(D-B) 
(m) 
Nature of 
water 
bearing 
formation 
1. 54 1/3 Ujaral 
Kalan 
1.02 20.10 19.02 168 147.90 Alluvium 
2. 54 1/3 Bas Achlu 0.85 22,00 22.85 167 145 Alluvium 
3 54 1/3 Semra 0.95 12.00 14.95 166 154 Alluvium 
4 54 1/3 Chaukra 1.20 10.5 14.70 169 158.50 Alluvium 
5 54 1/4 Bhagupur 0.95 24.11 25.06 167 142.89 Alluvium 
6 54 1/3 Arela 1.15 16.08 17.23 169 152.92 Alluvium 
7 54 1/3 Barhan 0.75 10.71 14.46 171.1 160.39 Alluvium 
8 54 1/3 Mitauli 0.85 14.00 15.85 166.7 152.70 Alluvium 
9 54 1/4 Etmadpur 0.95 18.48 19.43 167 148.52 Alluvium 
10 54 1/7 Pachokhara 1.00 12.00 15.00 170 158 Alluvium 
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Depth to Water Level 
The depth to water level map of the study area (Fig. 18) have been prepared, 
based on the pre-monsoon (2004) data collected (Table XII). The study of 
depth to water level map shows the regional variation of depth of groundwater 
below the ground level. Water level in the study area varies from 14.46 to 
25.06 meter. It is also observed that elevation of water level has a 
configuration which is not similar to that of topography of the land surface. 
Water Table Contour Map 
The water table contour map (Fig. 19) is also prepared in order to understand 
the general groundwater flow and also to demarcate the nature of various 
surface water bodies with respect to regional aquifer system. The general 
groundwater flow direction is north-east and south-west. 
The deep water table in the study area show the area of recharge and shallow 
water table show the area of discharge 
Water Level Fluctuation 
The groundwater level fluctuates due to change in the storage of groundwater 
in the area. This change in storage occurs on account of differences between 
supply and withdrawal of groundwater. 
The water table fluctuation is a direct response of the groundwater discharge 
' '7: 
Figure 18: Depth to Water Level Map of the Study Area. 
Figure 19: Wafer Table Contour Map of the Study Area. 
or recharge in an area. Since rainfall is the principal source of groundwater 
recharge, the rise of water table is sympathetically related to the rainfall in a 
particular period. The intensity and distribution of rainfall are the controlling 
factors of groundwater recharge. In addition, topography also play a vital role 
regarding the water table fluctuation and quantum of recharge. It is commonly 
observed that the water table is deep in the topographic highs and shallow in 
the topographic lows. Accordingly the annual fluctuation of water table is also 
high in the upland and low in the depressions, while the amount of rainfall 
remain constant in the area. The sub-surface outflow or inflow component 
makes the difference of groundwater. It appears that sufficient space available 
for groundwater infiltration and accumulation in the upland areas. The 
shallow water table and water logged conditions in low lying areas have little 
space for groundwater recharge. As a consequences, there may be more 
surface run off in the low-lying areas (Rao. G.K. 1987). 
In general, depth to water table ranges between 2 and 8 metres. The area 
along the northern limits of Chambal ravines have deepest water table, 
reaches upto 27.35m. High water table is generally observed along the major 
canals. It is observed that the water table in the pheratic zones of the study 
area fluctuates in response to: 
• Rainfall incidence at Agra city and its environment. 
• Form and slope of the ground level and built up area. 
'^f. 
• Recharge to groundwater from surface water sources. 
• Loss due to evapotranspiration. 
• Inflow and outflow from groundwater regime. 
Movements of Groundwater 
Groundwater movement follows the surface topography and movement of 
groundwater from NE-WE right bank of the Yamuna river. The Yamuna river 
appears to be effluent in nature except in monsoon period. There are some 
local variation in groundwater movement due to changes in form and slope of 
the topography. 
Furthermore, the nature and water potentiality of each landform have been 
identified and given in the Table-XIII. The fresh water availability is 
localized along Yamuna river and its proximity down to the maximum depth 
of 55m. However, this depth span gradually decreases towards upland 
marginal alluvium where fresh water occurs only in isolated patches. 
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Table-XIII: Nature and water potentiality of the geomorphic features 
Landform Nature Water Potentiality 
Ravinous land Recharge Zone Moderate to poor 
Sand Bar Discharge Zone Good, down to depth of 
55m and underlain by 
saline water. 
Abandoned channel Discharge Zone Good, down to depth of 
55m and underlain by 
saline water. 
Younger terrace Recharge and discharge 
zone 
Good, fresh water down 
to depth range of 30 to 
45 m. 
Older terrace Recharge and discharge 
zone 
Good fresh water down 
to depth range of 30 to 
45m. 
Recent flood plain Discharge zone Good fresh water down 
to depth of 55 m. 
Upland Marginal Recharge zone Moderate to good, fresh 
water occurs only in 
patches down to 30m. 
Recharge and Discharge of Groundwater 
The primary source of groundwater in the area is rainfall. Ponded areas, 
which come into existence during the monsoon period, also activelv 
contribute to the groundwater. Direct seepage from irrigation canals, as well 
as applied irrigation also actively contributes to the groundwater recharge in 
the area. Quantitative data in regard to the seepage of water from canal is 
lacking. 
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The discharge of groundwater occurs in the area by effluent seepage to the 
Jamuna. Chambal and Utangan rivers. Natural discharge also takes place by 
springs issuing out from a zone two meters in width along the Chambal river, 
south of Pinahat. In the study area where water table is close to the surface, 
groundwater is discharged into the atmosphere by evapo-transpiration and is 
also lost by sub-surface flow to the adjacent area. 
Hydrogeomorphology 
Hydrogemorphological map of Agra district was prepared using IRS ID, 
LISS III image. Hydrogeomorphologically the area can be divided into six 
major units which are discussed below and illustrated in Fig. 20. 
1. Alluvial Plain Alluvial deposits are found all along the Yam.una river 
course. The pile of sediments mostly constitute of gravel, sand, silt and 
clay. 
2. Old Meanders The meanders are produced by lateral accretion of 
successive points on the inside of the meanders. This deposition creates 
ridge and swale topography which is manifested in the form of 
curvilinear scars on the image. The meanders are mainly identified on 
the basis of curvilinear crop patterns. 
3. Structural Valley The Vindhyan sandstone are slightly folded and 
due to weathering and denudation they form structural valleys. 
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4. Structural Hill The unit is mostly represented by the rocks of the 
Vindhyan sandstone. 
5. Ravines Ravines are present on either side of Yamuna river and are 
generally formed due to intense gullying and certain upliftments of the 
area, which indicate that the area is tectonically active. 
6. Flood Plain Flood plain is the youngest hydrogeomorphic unit and 
formed by the fluvial action. Flood plain consists of sand, silt and clay 
and present in the area of Etmadpur all along the Yamuna river. The 
subsurface flow of groundwater occurs under semi-confined to perched 
water table condition with shallow water levels. Flood plains are 
discharging zone and have very good water potentiality. 
Out of these four units viz; alluvial plain, ravines^old meander and flood 
plains are found in the area of Etmadpur. 
The area consists of structural vallies and hills which bears the groundwater 
of highly saline nature. The area near Yamuna river along with the ravines 
have deep v/ater table, which might be due to the upliftment of the area, 
allowing the movement of groundwater towards the low lying areas. 
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CHAPTER-Vm 
GROUND WATER PROSPECT 
General Statement 
Integrated surveys for groundwater prospecting, using remote sensing 
techniques have been carried out successfully from different parts of the 
world (Bhangaokal, R.K. et al, 1988, Nefedov, K.E. and Papova, T.A.I972, 
Nair, M.M. and Raju, A.V. 1984, Ramamoorthi, A.S. 1984, Roy, A.K. 1984, 
Rao, R.V.R. and Rao, V.V. 1984, Kaufman. H. et al., 1986, Engman, E.T. and 
Gumey, R.J. 1991). Studies regarding various components viz; geology, 
geomorphology, drainage and landuse etc. were analyzed comprehensively in 
order to locate the ground water resources. 
Hydrogeomorphological units in and around Yamuna river were mapped and 
groundwater potential zones were delineated for Etmadpur area of Agra 
district, with the help of remote sensing technique. 
Groundwater Prospects of the study Area 
In order to evaluate the groundwater prospects in the area of interest. The 
informations were generated in the light of geology, structure, 
geomorphology, hydrogeology, soil, landuse/landcover and topography etc., 
which have direct bearing on the occurrence and movement of groundwater. 
Morphometric parameters of various sub-basins in the study area were studied 
in details to get information quantitatively about the geometry of fluvial 
system and correlated with hydrologic information. 
In the light of above informations groundwater prospects of every geomorphic 
unit were studied and tabulated (Table XIV). Further the groundwater 
prospective zones were classified into very good, good, moderate to good and 
moderate to poor by relating groundwater prospects of various geomorphic 
units and discussed as follows: 
Very good 
Alluvial and flood plains fall under this category. Lithologically the younger 
alluvium have nearly plain topographic expression with poor lineament 
density. The drainage pattern is dendritic to sub-dendritic and low density is 
developed on alluvial soil indicating high infiltration capacity and general 
pervious nature of material and exhibits moderate to high vegetative cover in 
the study area. The geomorphic unit within this zone comprises 
unconsolidated sand, gravel and clay beds. The thickness of sand and clay 
beds varies from few meter to about 30 meters. These sand, gravel and clay 
beds are highly porous and permeable where groundwater occurs under 
unconfined condition and move through interconnected pore spaces of sand 
and clay and serve as very good discharging zone of groundwater. 
The older alluvium is also categorized as very good for groundwater 
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prospects. The lithology, soil category and hydrologic characters are same as 
younger alluvium but older alluvium have relatively higher topography as 
compare to younger alluvium and structurally show moderate lineament 
density. Groundwater prospect of alluvium plain areas are excellent and 
having potential scope for groundwater utilization. 
Good 
The paleochannels occur in the NE and SW area of Etmadpur fall in this 
category. Paleochannels or old river courses buried by subsequent 
sedimentation are generally have potential reservoirs for groundwater and 
appears to be useful for groundwater exploration. Paleochannels are easily 
identified and recognized in the IRS-1D imagery due to contrasting dark tone 
in a characteristic winding fashion associated with cropping pattern and 
curvilinear to linearly oriented vegetation. Several paleochannels are 
identified adjacent to the southern side of river course. The soil in the 
paleochannel have high moisture content as compared to the adjacent areas 
probably due to groundwater flow in these paleochannels. Groundwater 
prospects in paleochannels are good because of hydrophile nature of alluvium 
deposit, retention of flood water and location contiguous to the river mainly 
responsible for recharge the area. Topographically the paleochannels are 
situated in the plain and presence of vegetation is also clearly indicate for 
good groundwater condition. 
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Moderate to good 
Sand bar and older undulating surface fall in this category. Lithologically both 
have alluvial plain, sand bar show nearly plain topographic expression 
whereas older undulating surface show undulating land surface. The structure 
of sand bar have moderate lineament density whereas older undulating surface 
have good lineament density. Major soil category of sand bar and older 
undulating surface is alluvial soil. The hydrogeologic characters are also same 
for both, as they are highly porous and permeable. 
Moderate to poor 
Ravinous land fall in this category. Lithologically ravinous land have alluvial 
soil. Topographic expressions are upland with grooves. Structurally ravinous 
land show good lineament density. Hydrogeologically the ravinous land is 
characterized by low porosity and low permeability 
Conservation of Groundwater Resources 
In order to facilitate the conjunctive use of groundwater, conservation of 
groundwater resources is very important. The conjunctive use requires a 
planned use of groundwater resources and the feasibility of conjunctive use 
project in a basin depends on the availability of space in groundwater basin to 
store the recharge water which may be used when needed. The area as also 
been studied for selecting the conservation site by means of aquifer recharge 
through lateral processes. The alluvium particularly younger and older 
alluvium have been found suitable for aquifer recharge. 
Satellite data have been used for selecting sites, with a view to recharge the 
aquifers through lateral process. Topography, geology, structure, landuse, 
geomorphology and hydrogeology have been integrated to arrive the 
conservation of groundwater resources. The paleochannels, sandbar and flood 
plain areas filled up with thick alluvial soil have good possibilities of ground 
water recharge by lateral processes. 
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CHAPTER-IX 
SUMMARY AND CONCLUSION 
The present investigation has been carried out to evaluate the groundwater 
resource potential of Etmadpur area of Agra district, Uttar Pradesh using 
remote sensing techniques. Considerable attention has been paid to the study 
of geology, structure, drainage basin morphometry, geomorphology and 
hydrogeology of the study area. 
The study area lies in the extreme southwest comer of the Uttar Pradesh State 
and lies between the parallel of 78°5' N and 78°20' E, ITS' N and 27°20' E 
and is bounded on the west and south by Rajasthan and thereafter by Madhya 
Pradesh. It is bounded by the district Firozabad on the east and by the district 
of Mathura and Etah in the north. 
Geologically, the area is characterized by the rocks belonging to the 
Quaternary sediments and the rocks of the Vindhyan Super Group represented 
by the Upper Bhander and Lower Rewa sandstone. The Delhi Super Group is 
represented by the rocks of Alwar series and Ajabgarh series characterized by 
medium grained schistose quartzite of Alwar series well exposed in Kaman 
area near Mathura district of U.P. whereas crystalline quartzites of dark 
coloured belonging to the Ajabgarh series are well exposed at Gobardhan and 
west of Bharatpur district (Rajasthan). The Vindhyan Super Group in the 
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study area is represented by the Upper Bhander sandstone and Lower Rewa 
sandstone. Most of the area is covered by the Quaternary sediment which 
mainly consist of sand, gravel and clays. 
The study area Etamadpur is a part of Agra district, which itself is a part of 
Indo-Gangetic alluvium. The study area is bounded to the south by the 
peninsular shield comprising the rocks belonging to the Precambrian age and 
forms the north-easterly extensions of Rajasthan. The rock formation are 
believed to constitute the basement over which the quaternary sediments of 
Yamuna - Ganga river system have been laid down. 
The Lower Rewa sandstone is white to pinkish in colour and comprises 
mainly compact, hard, fine-grained, bedded sandstone. The Upper Bhander 
sandstone is reddish in colour, hard, compact, fine grained characterized by 
white coloured spots. The Alluvium is yellow to yellowish brown in colour, 
fine to coarse grained with sub-angular to rounded grains. 
The dominant trends of lineaments are in north east and south west directions 
and the maximum length of these lineaments are in the direction of north west 
and north east. 
Various morphometric parameters of the river basin viz, basin 1st, basin Ilnd, 
basin Ilird, basin IVth, are discussed with respect to linear, areal and relief 
aspects of channel network and contributing slopes. Streams upto fourth order 
are present in all the watershed. The values of bifurcation ratio range between 
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4.4-6.4 which are slightly on higher side clearly indicates the possibilities of 
geologic control over the drainage pattern. The elongation ratio varies from 
0.36 to 0.73, indicates clearly high relief and steep ground slope. Form factor 
indicates that the drainage basin-IIIrd is circular in shape with higher values 
whereas other basins are elongated in shape with lower values. High 
circularity ratio in drainage basins Ilnd and Ilird indicates that they are more 
or less circular and characterized by high to moderate relief and drainage 
system is structurally controlled. The area having low drainage density clearly 
indicates that the reason has highly permeable sub-soil and dense vegetation 
cover. 
The quantified values of drainage density, stream frequency and infiltration of 
every watershed were compared and it is observed that the Ilird drainage 
basin possesses least value of an aforesaid morphometric parameters while 1st 
drainage basin having maximum values of these parameters. It is also 
observed that the numerical values of parameter of 1st drainage basin favours 
relatively more permeable subsoil material due to high infiltration capacity 
and low runoff in this watershed, whereas values of parameter of Ilird 
drainage basin is suggestive of relatively less permeable subsoil material 
owing to low infiltration and high runoff in this watershed. 
The geomorphic units identified and delineated as ravinous land, sand bar, 
paleochannels, younger alluvium, older alluvium, recent flood plain and older 
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undulating surface. Hydrogeological studies indicate that groundwater occurs 
both under confined and water table conditions. 
Groundwater in the area occurs in a thick zone of saturation within the 
alluvium. The shallow groundwater exists in an unconfined state occurring by 
and large in sand and silt layers, which often contains fairly thick 'kankar' 
pans. Deeper groundwater zones occur under confined conditions as they are 
overlain by impervious fine elastics. 
The depth to water level map shows the regional variation of depths of 
groundwater below the ground-level. Water level in the study area varies from 
14.46 to 25.06 meters. Deeper water table shows the area of recharge and 
shallow water table shows the area of discharge. 
Water table contour map has been prepared in order to understand the general 
groundwater flow direction and also to demarcate the nature of various 
surface water bodies with respect to regional aquifer system. The general 
groundwater flow direction is north-east and south-west. 
Direct seepage from irrigation canals, actively contributes to the groundwater 
recharge in the area. 
The discharge of groundwater occurs by effluent seepage to the Yamuna, 
Chambai and Utangan rivers, whereas the natural discharge seems to be 
possibly due to springs issuing out from a zone two meters in width along the 
Chambai river in the south of Pinahat. 
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The groundwater potential zones have been identified as, very good in the 
alluvial plain areas which comprises unconsolidated material like sand, 
gravel, clay. This zone show good permeability of alluvial material and high 
yield of groundwater. Flood plain and Flood prone area which comprises 
unconsolidated material on river bed show good groundwater prospects. The 
flood plain from IRS-ID. LISS-III imagery is identified due to light pinkish 
colour. The thickness of the sand and sandy clay beds is highly pervious and 
permeable where groundwater occurs under unconfined condition and moves 
through interconnected pore space of sand and sandy clay beds, serves as very 
good discharge zone of groundwater. Paleochannels show good groundwater 
prospects in the study area and appears to have potential reservoirs for 
groundwater. Sand bar and older undulating surfaces are placed as moderate 
to good for groundwater prospects, whereas, ravenous land show moderate to 
poor groundwater prospects in Etmadpur area. 
The details obtained in the present study have clearly indicate the capabilities 
of IRS-ID, LISS III in delineation and characterization of distinct geological, 
geomorphological units and analysis of their processes with selected ground 
check. The information with respect to their extent and spatial distribution of 
geomorphic units and their processes appears to be very useful for evaluating 
and optimal utilization of groundwater prospects and other geological, 
hydrogeological applications. 
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